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¼­«­§Q¾7µQ«­¬º©H«­´-®f¯¸±Ô¯¸¹Q«­¾7Á�¬�Å �e��§Q¼­«­¶7°�«­§ ä õ ·Q§V°4À{²2ñxò¥ò7ó7å ²~Ã7µQ±
¾7Ã~¯l¼/³�¯¸¬'§VÃ7©+©HÃ*·QµQ«­¼­¹ë¯:Á�µQ¼­©H«í½Í¬º©Ô¯¸¾7°7²�´�¯l¬H´�¯l¹Q°4¹É¬HÀ~¬¨½
©H° Á9©HÃ�±º°4¬HµV¼È©�«­§�ÂwµV¼È¼2¬H°4§~©º°4§Q´4°�®f¯¸±H¬º°4¬x²�·VµQ©�©HÃ�´ Ã7§~æf§V°
Ã7µV±H¬H° ¼ÈÄ¥°4¬-©ºÃ�®f¯l±º¬H«­§Q¾+ÃlÂ × ·f¯¸¬H«­´�´Ôª~µQ§V¶{¬ºÙfÅ

õ ¬º©H±HÃ¥§Q¾#±D¯l©º«ÈÃ¥§f¯l¼­°�ÂoÃ7±+ÂwÃ¥¼È¼­Ãl³;«­§Q¾*©HªQ«­¬�¬H«­Á�®Q¼­°Ñ¯l®s½
®Q±ºÃ{¯l´Dª¿«­¬�©HªQ°�§f¯l©ºµQ±H°�Ã¸Â�©ºªQ°�«­¼­¼î½oÂwÃ¥±HÁ�° ¹Ó«­§Q®VµQ©�¹QµQ°�©ºÃ
ä»«»å�¬º®fÃ¥§~©Ô¯l§V°4Ã7µQ¬�¬H®q°4°4´DªZ¹QÀ~¬3�fµQ° §Q´4«­°4¬x²/¯l§Q¹@äï«­« å�°4±º±HÃ¥±H¬
«­§�©ºªQ°"ª~À~®fÃ¥©HªQ°4¬º°4¬-Ã¸Â$©HªQ°�¬H®q°4°4´Dª*±H°4´ Ã7¾7§V«ÈÌ °4±xÅ

Ð�ÃÑ¾7°4©�¯l§L«­§{©ºµQ«­©H«­Ä7°+Âo°4°4¼-¯l·qÃ7µV©'©ºªQ°�Ã¥µQ©H®QµV©'Ã¸Â ©HªV°
´Dª~µQ§Q¶�®q¯l±H¬º°4±x²q³/°�®Q±H°4¬º°4§~© ¯+¬ºªQÃ7±º©;°4ìQ¯lÁ�®V¼È°�ªQ°4±º°4Q �
�9�4�4�D�¡ �¢D£>¤¥�3�>¦¡§D¨�¤©�«ª��A¬�­�¨D®y¯±°3£¡²D¨>³>´>´�µ¡´�¶K·D¨�¤
�3�>¦¡§�¶y®¸§¹¶4®�£D­y²�µ�£�¨>³Dºy§D¨4²D¤[��»�¼�ª>¦¾½>¨�²Dµ¾¿�¢�º�§D¤

À Á M2SQG�RYX;`ºR�\�éÃÂÅÄ±Æ"M2M3OQP Á M3O�éÇ\cR-`�È�M3S
ÉÎa"M2J¥¤+Ê'`ºJ7¤QJ

? ©D¯l©H°u½ÍÃ¸Â»½Í©ºªQ°D½H¯l±º©Ë¬H®q°4°4´DªÒ±º°4´4Ã7¾¥§Q«­Ì4°4±º¬x²Ú¬ºµQ´Dª ¯¸¬Ë©HªV°
Ë���Ì�ÍÏÎ/±H°4´4Ã¥¾7§Q«­Ì4° ±-ä»Æ#¯¸«È·q°4¼~°4©$¯l¼¨Å­²7ñ�ò7ò¥ó7å�³;ªVÃ7¬H°/Ã7µV©H®QµQ©
³/°;µQ¬H°4¹+ÂoÃ7±$Ã¥µQ±�¬HÀ~¬H©º°4Á}²¥©¨À~®Q«­´x¯l¼­¼­À�¾7°4§Q° ±Ô¯l©º°-¼»¯l©º©H«­´4°4¬�ÃlÂ
³/Ã7±H¹Zª~À~®fÃ¥©HªQ° ¬H°4¬�ÅËÛQ±ºÃ7ÁÏ©HªQ° ¬H°Ñ¼»¯l©º©H«­´4°4¬�²;Ê-·q°4¬º©Ó¼­«­¬H©º¬
´x¯¸§¿·f°�´4Ã¥Á�®QµV©H°4¹¿¯lµQ©ºÃ7Á�¯l©H«­´x¯¸¼­¼ÈÀ¥²Q¬HµV´Ôª¿©ºªf¯l©�«È©�«­¬�°4§~½
¬HµV±H°4¹¿©ºªf¯l©�©HªV°'Ã¥±H¹Q°4±º«­§Q¾�ÃlÂcª~À~®fÃ¥©HªQ° ¬H°4¬+«­§Ñ©HªQ° ¬H°�¼­«­¬H©º¬
´4Ã¥±H±H° ¬H®qÃ7§Q¹Q¬:©HÃZ©HªQ°*«­§~©H°4±º§f¯l¼�±Ô¯¸§Q¶~«­§Q¾#Ã¸Â'©HªQ°*¬H®q°4°4´Dª
±H° ´4Ã7¾¥§Q«­Ì4°4±xÅ

õ ¬"¯l§*°4ìQ¯lÁ�®Q¼­°7²�³/°'®V±H°4¬º°4§~© ¯�±H°uÂw°4±H° §Q´4°�µQ©H©º°4±Ô¯¸§Q´4°
ä»«¨Å °7Å­² × ³;ªq¯l©;³;¯l¬-¯l´ ©Hµf¯¸¼È¼­À�¬D¯l«­¹QÙ{å/¯l§V¹Ó©¨³/Ã�ª~À~®fÃ¥©HªQ°4¬º°4¬
Âw±ºÃ7ÁÇ©ºªQ°"Ê-·q°4¬º©-¼­«­¬H©x²~¾¥«­Ä7°4§�³;«È©ºª�©HªQ°4«­±;±D¯l§Q¶�Q
²D¨>Ð
Ñ�µ�­y¢¾ÒD¨�²D¨�¯±°3£¡ D­y²�¯ÔÓ�¢�®�£¾£D­Õ®�­�³�·¾¢DÖ�®y¢>¯
× Ñ�µ�­y¢¾ÒD¨�²D¨�¯±°3£¡ D­y²�¯ÔÓ�¢�®�£�¶4º4¨Õ®�­�º�¢DÖD®¾­y¯

×KØ>Ù Ñ�µ�­y¢¾ÒD¨�²D¨�¯±°3£¡ D­y²�¯ÔÓ�¢�®�£¾£D­Õ®�­�³�·¾¢DÖ�®y¢>¯

Ð;ªQ«­¬;«­¬ ¯�©¨À~®Q«­´x¯¸¼3°4ìQ¯¸Á�®Q¼­°7²V«È§:©Hªf¯¸©-«­©;«­¬;Âw±º°�S~µQ°4§~©H¼­À
©HªV°�´x¯¸¬H°�©Hªf¯¸©'ª~À~®qÃ7©HªV°4¬H°4¬�³;ªV«È´DªZ¯l±H°�±Ô¯¸§Q¶7°4¹ ÂwµQ±º©HªQ°4±
¹QÃl³;§L©HªQ°Ñ¼­«­¬H©�²c¯¸±H°Ñ¯l´4©ºµf¯l¼­¼­À¿´4¼­Ã7¬º°4±�©HÃ¿©ºªQ°�©H±ºµQ°#ä»±º°DÂ»½
°4±º°4§Q´4°xåNµQ©H©º°4±Ô¯¸§Q´4°Ñä»«¨Å °7Å­²q©HªQ°+Æ�� 
�³/Ã7µV¼È¹:·f°+¼­Ãl³c°4±Då4Å-Ú
? Ãq²$«íÂ ³/°�ªf¯l¹Z¯l§ZÃ7±D¯l´4¼­°�©Hªf¯¸©�´4Ã7µV¼È¹L©H°4¼­¼;©ºªQ°Ñ¬H®q°4°4´Dª
±H° ´4Ã7¾¥§Q«­Ì4°4±�©HÃZ¯l¼­³�¯�À~¬�®Q«­´D¶#©ºªQ°*ª{À~®qÃ7©ºªQ°4¬H«­¬�³;«È©ºª@©HªV°
¼­Ãl³c° ¬H©;Æ�� 
 Âw±ºÃ7ÁÇ©ºªQ°"Ê-·q°4¬º©-¼­«­¬H©�ä»«­§Q¬H©º°x¯l¹:ÃlÂ�©ºªQ°"©ºÃ7®
ÛnÜÞÝÏß�àJá �K��,���*-1Ï!Pâ3ã�ä�å&æ ç�èyã�è_é0ê�������!�841���ën~���,K"��96�!�,���"#"���� à

!�, á �����������#��!�14! ÝÏì ��1���!�8-8-� á ��~�����*-1#��1�"#��*-1>ê����#��!�891���ë�~���,_"Dí�ä4î
*-"�1�!��#ën��~���,K"#1D"���ë���"#������ï
ð á ��,9ñ d á ��,9ñ#��, á "�*-�9, á �_��,����¥,�� d ,�����,ò������!�1�� á �_��,����

ê á d ên����� á ��~���8-��ó á �_��,�����!���êK� d !���ê�������*-!98_������!�1�� á �K��,��
ônõJ,Y"���*-1 á !�1����K�_�K�4�n"#����1#*-1 f�ö�h *-1 á ��~���8-��"#��8-� á �n�#��� á "�÷�ë���,���� à

!�8-8-��*-" *-1 ,��n" "#��� á !n1#�n����!���"�* á ��8-!���8-�067����8-��,�ë����ø��"#"�����!�, á ��1��ù"��
24,��Y"���� á �����#� á "��_�K�4��"�����1�*-1D*-,ú"#����8-!�"�"#* á ��ï

±D¯l§Q¶¥°4¹'ª~À~®qÃ7©HªV°4¬H«­¬Ôå ²7©ºªQ°;¾7¼­Ã¥·f¯l¼¥®f°4± ÂwÃ7±ºÁÓ¯¸§Q´4°/´4Ã7µQ¼­¹+·f°
«­Á�®V±HÃlÄ7° ¹�¬H«­¾7§Q«íæf´�¯l§~©H¼­À~Å û

¦¨§¿©HªQ°�¬H®q°4°4´DªZ±H°4´4Ã¥¾7§Q«­Ì4° ± ¯¸±H´DªQ«­©H°4´ ©HµQ±º°7²$©ºªQ°�¬º°x¯l±º´Ôª
Á�Ã{¹VµQ¼­° «­¬�¾7µV«È¹V°4¹¿Á�Ã¥¬H©H¼­À�·{À:Ä7°4±ºÀ}¼­Ã~´x¯l¼�®QªV°4§QÃ7Á�°4§f¯V²
·qÃ7©ºª@«­§@©HªQ°¿¯l´ Ã7µQ¬º©H«­´}Á�Ã~¹Q°4¼­¬Ñäw¯ ´4Ã7§~©H° ì{©:ÃlÂ"¬H°4Ä¥°4±Ô¯¸¼
®QªVÃ7§Q°4¬Då4²$¯¸§Q¹¿«­§}©ºªQ°�¼»¯l§V¾7µf¯¸¾7°+Á�Ã~¹Q°4¼­¬�äw¯�´ Ã7§~©H°4ì~©+ÃlÂ
¬º°4Ä7°4±D¯l¼$³/Ã7±º¹Q¬Ôå Å õ ¼­¬HÃq²q©HªQ°+±H°4´ Ã7¾7§V«ÈÌ °4±"¹QÃ~°4¬�§QÃ¥©-ÁÓ¯¸¶7°
µQ¬º°�ÃlÂ'¯l§~À¿¬HÀ~§~©Ô¯¸´4©H«­´¿ä»Ã¥±�´4Ã¥§Q¬H©º«­©HµQ°4§~© ½Í·f¯¸¬H°4¹qå�¶~§QÃl³;¼í½
°4¹V¾7°7Å

Ð;ª{µV¬x²$©ºªQ°�«­§{©ºµQ«­©H«­Ä7°�«­¹Q°x¯:«È¬+©HÃ*¾7° §Q°4±Ô¯¸©H°Ñ±º°4®Q±º°4¬H°4§s½
©D¯l©H«­Ã¥§Q¬$©Hªq¯l©-¯l¼­¼­Ãl³¿ÂoÃ7±;¯"¹Q«­¬º´4±H«­Á�«­§f¯¸©H«­Ä7° U µQ¹V¾7Á�° §{©�·q°D½
©¨³/°4°4§�¹Q«sü�°4±H°4§~©;ª~À~®fÃ¥©HªQ° ¬H°4¬�«È§�©HªQ°�Ê�·f°4¬º©-¼­«­¬H©�²7¬ºÃ�©Hªf¯¸©
°4Ä¥°4§~©Hµf¯¸¼­¼ÈÀÑ¯�Á�Ã¥±H°"®V¼ ¯¸µQ¬H«­·Q¼­°+´x¯l§V¹Q«­¹f¯l©º°'´x¯¸§}·q°�«­¹Q°4§~½
©º«îæq°4¹3²�«íÂÔ²�¯l¬�«­©-«­¬�©HªV°�´x¯l¬º°'«­§*©HªQ°�ÂwÃ7¼­¼­Ãl³;«­§Q¾�°4ìQ¯lÁ�®Q¼­°7²
©ºªQ°Ñ±H° ¬HµQ¼­©H«­§Q¾L´Dª{µV§Q¶Z¬H©H±ºµQ´4©ºµQ±H°¿«­¬�Á�Ã¥±H°�¼­«­¶7°4¼­À#©ºÃ¿·f°
³/°4¼­¼í½wÂwÃ¥±HÁ�°4¹�©Hªf¯¸§�©Hªf¯¸©�Ã¸Âÿ©ºªQ°/æf±º¬H©/±Ô¯l§V¶7°4¹�ª~À~®fÃ¥©HªQ° ¬H«­¬_Q

× Ñ¾�3�>¦Õµ�­y¢D¤¥�3ª��AÒD¨�²�¨�¯�°3£¡ �­y²>¯D¤¥�3�>¦�Óy¢�®�£�¶4º�¨�¤
��»�¼>ª>¦�®>­4¤©�«�>¦Ôºy¢�ÖD®�¤[��»4¼>ª>¦�­y¯D¤

×KØ>Ù Ñ¸�3�>¦Õµ�­y¢D¤¥�3ª��AÒD¨�²�¨�¯�°3£¡ �­y²>¯D¤
��»�¼>ª>¦�Óy¢�®�£>¤¥�3ª��+£D­�®>­�³�·¡¢�Ö>¤ý�3��¦Õ®�¢>¯D¤

Æ¿°;µQ¬H°�©¨³cÃ"Á�¯l«­§"¬º´4Ã7±º°4¬;©HÃ'¯¸¬H¬º°4¬H¬;©ºªQ«­¬c®Q¼»¯¸µQ¬H«­·Q«­¼­«­©¨À¹Q
äï« å�¯�I9�D@>B4��I9M4�KEKC�O_��E/¬H´4Ã¥±H°�ä»®q°4±H´ °4§~©Ô¯l¾¥°cÃ¸ÂQ«È§V®QµQ©3¬º©H±º«È§V¾
³;ªQ«­´Dª�¾¥°4©H¬/®f¯¸±H¬H° ¹få4²q¯l§Q¹*ä»«­«»åc¯�I���@>B4��þ&O4B4��@>O_��EPN�MKL4Enþ
¬º´4Ã7±º°7²7³;ªV«È´Dª+«­¬3µQ¬º«È§V¾N¯i¬H©D¯l§Q¹f¯¸±H¹�§~½¨¾7±D¯lÁÚÁ�Ã{¹V°4¼7·f¯¸¬H°4¹
Ã¥§Ú©HªQ°Z´Dª~µQ§Q¶Ú¬H°nS{µV°4§Q´4°4¬�ÅYÐ;ªV°ë¼»¯¸©H©H° ±}¬ºªQÃ7µQ¼­¹Ø¾7«­Ä7°
³/Ã7±º¬H°/¬H´4Ã¥±H°4¬$«­§"´�¯l¬H° ¬$¼­«È¶¥°$ª~À~®fÃ¥©HªQ°4¬º«­¬�äºñxå2«­§"Ã7µV±3°4ìQ¯lÁ,½
®Q¼­°7²�³;ªQ°4±º°Ó³/°�°4§Q´4Ã¥µQ§~©H°4±�©HªQ° ª��4ÿ���¦Dÿ>»�¼>ª�¦Dÿ��>¦Dÿ�»�¼�ª�¦
¬º°�S~µQ°4§Q´4°¥²�¯¸¬"Ã7®V®fÃ¥¬H°4¹L©HÃ*ª{À~®qÃ7©ºªQ°4¬H«­¬�äHñ�ò7á7åN³;«È©ºª¿©HªQ°
Á�Ã7±H°;§q¯l©HµV±Ô¯l¼ ª��yÿ>»�¼>ª>¦�ÿ�ª��4ÿ���¦ ¬H°�S~µQ°4§V´4°7Å
� Ä��-J¥¤QM�� XZSQOQP-` ¤QM3Oq¤QI-SQM
���	� 
���
�������
��

Û3«­¾¥µQ±H°�ñ¿¬HªQÃl³;¬*©HªV°#¾7¼­Ã¥·f¯l¼"¬ºÀ~¬H©H° Á ¯¸±H´DªQ«­©H°4´ ©HµQ±º°7Å
Ð;ªQ°�Ê�·f°4¬º©-¼­«­¬H©º¬-¯l±H°�¾7°4§Q° ±Ô¯l©º°4¹�Âw±ºÃ7ÁÇ¼»¯¸©H©H«­´4° ¬;©Hªf¯¸© ¯l±º°
®Q±ºÃ~¹QµQ´4°4¹Z·~À¿©HªV°eË���Ì�ÍÏÎ�¬H®q°4°4´Dª@±º°4´4Ã7¾¥§Q«­Ì4°4±ÑäïÆ#¯l«­·f° ¼
°4©+¯l¼¨Å­²�ñ�ò7ò¥ó7å4Å�Û2«­±H¬º©x²2©HªQ°�ª~À~®fÃ¥©HªQ° ¬H«­¬"¹QµQ®V¼È«­´x¯¸©H°4¬�³;«È©ºª
±º°4¬H®q°4´4©;©ºÃ'¬º«È¼­°4§V´4°"¯l§Q¹�§QÃ¥«­¬H°-³/Ã7±º¹Q¬;¯l±H°�±H°4Á�ÃlÄ7°4¹+Âo±HÃ7Á
©ºªQ°cÊ�·f° ¬H©�¼­«È¬º©H¬��7²�§Q°4ì~©�©HªV°c³/Ã7±º¹'¬º©H±H°�¯lÁË«­¬2©Ô¯l¾¥¾7°4¹�³;«È©ºª
�/±H«­¼­¼�� ¬�®f¯l±º©ÑÃlÂ�¬º®f° °4´Dª ä#��� ? åÑ©D¯l¾7¾¥°4±#ä��c±º«È¼­¼¨²+ñxò7ò¸Þ{å ²
�$° ±H¬H«­Ã¥§Ëñ7Å­ñ4Þq²;¯l¹f¯¸®Q©H°4¹�©HÃZ©ºªQ°#÷Qø�ùïú3ûqü�ýÿþ������ 	/Ã7±¨½
®QµV¬xÅ/Ð;ªQ°4§3²q©ºªQ°"©HÃ¥¶7°4§�¬º©H±H°�¯lÁA«­¬ × ´4¼­°x¯l§Q° ¹ÑµQ®QÙ�«­§�©HªQ°
®Q±º°4®Q±ºÃ{´ °4¬H¬º«È§V¾¿®Q«­®f°7²2³;ªQ«­´Dª¿©HªQ° §#¬H° ±HÄ7° ¬�¯l¬"©ºªQ°�«­§Q®QµV©
Ã¸Â1©ºªQ°���� ? ·f¯¸¬H°4¹*´Dª~µQ§Q¶Ñ®f¯¸±H¬º°4±xÅ+Û3«­§f¯¸¼­¼ÈÀ~²~©HªV°'´Dª~µQ§Q¶
±º°4®Q±H° ¬H°4§~©Ô¯¸©H«­Ã7§V¬ ¾¥°4§Q°4±D¯l©º°4¹}·~À�©HªQ°+®f¯l±º¬H°4±�¯l±º°'µQ¬º°4¹Ñ©ºÃ
´4Ã¥Á�®QµV©H°�¬H´4Ã¥±H°4¬�³;ªQ«­´Dª}¯¸±H°"©ºªQ°"·f¯¸¬H«­¬-Ã¸Â1©ºªQ°"±º°4¬H´4Ã¥±H«­§Q¾
´4Ã¥Á�®qÃ7§Q° §{©�©Hªf¯¸©�°4Ä7°4§~©ºµf¯l¼­¼­ÀÑ¾7° §Q°4±Ô¯¸©H°4¬+§Q°4³^±º°4±Ô¯¸§Q¶7°4¹
Ê�·f°4¬º©-¼­«­¬H©º¬xÅ

¦¨§ë©ºªQ°�ÂwÃ¥¼­¼ÈÃl³;«­§Q¾q²�³c°�¹Q° ¬H´4±º«È·q°*©HªQ°ÑÁ�¯ U Ã¥±"´4Ã7Á�®fÃ¸½
§Q° §{©º¬;ÃlÂ$©HªV° ¬ºÀ~¬H©H° Á9«È§�Á�Ã¥±H°-¹V°4©Ô¯¸«È¼¨Å
�! ,5�n���Ï��!�"�!��K67����~¡%('�) d�"$# ï %n.+"���%('�) d�#�h ï " .�����1#*-,�ë

"����Ï"���� #nh�h �K�K�4��"�����1���1>�96���! á ����"�"#���#!�, á ��$71������>!���8-� f /|ï& 1�*-, á ����� !���� *-ë�,�����*-,�ë�"#����1#����*-� á ��1���6�*-,K6&����~�!�"#*-�n,
*-,ú8-!�"#���
1�"#!në���1��96D���#� á ��1#1�*-,�ë



reranked Nbest lists

' ( ) * + , ) * - . , ) ,

- / 0 1 2 3 4 , * ) ,

5 0 3 6 7 - 4 + ) 8 7 6 + ) ,

input utterances

speech  recognizer

Nbest lists

word lattices

chunk sequence

9 : ; + 4 < < ) ,

3 , ) 3 , . - ) * * 7 1 < 3 7 3 )

Û3«­¾¥µQ±H°�ñ4Q �N¼ÈÃ¥·f¯l¼q¬HÀ~¬º©H°4ÁA¯¸±H´DªQ«­©H°4´ ©HµQ±º°

���>= ?@��
�AB��C�DE
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Ð;ªQ«­¬-®V±H°4®Q±ºÃ~´4°4¬H¬º«­§Q¾}®V«È®q°"´4Ã¥§Q¬H«­¬º©H¬"Ã¸Â�¯�§~µQÁ�·q°4±;ÃlÂ�æf¼í½
©H° ±"´4Ã7Á�®fÃ¥§Q°4§~©H¬�©ºªf¯l©"¬º°4±HÄ¥°�©ºªQ°�®QµQ±º®fÃ¥¬H°�Ã¸Âc¬H«­Á�®Q¼­«îÂoÀ7½
«­§Q¾*©HªQ°�«­§Q®QµQ©�ÂwÃ¥±�¬HµQ·Q¬º°�S~µQ°4§~©�´ Ã7Á�®qÃ7§V°4§~©H¬x²�³;«­©HªQÃ¥µQ©
¼­Ã7¬º¬ Ã¸Âc°4¬º¬H°4§~©H«»¯¸¼c«­§~ÂwÃ¥±HÁ�¯l©H«­Ã¥§3ÅPO�µQ¼­©º«È®V¼È°�³cÃ¥±H¹*±H°4®q°4©H«í½
©H«­Ã¥§Q¬�¯¸§Q¹�§QÃ7§s½Í´4Ã¥§~©H°4§~©;«­§~©H°4± U °4´4©º«ÈÃ¥§Q¬;Ã7±;¯l¹VÄ7°4±º·Q¬'äï°7Å ¾fÅ­²
× ¯¸´4©Hµq¯l¼­¼­À{Ù~å$¯l±º°"±H° Á�ÃlÄ7° ¹�Âw±ºÃ7ÁÇ©ºªQ°�«È§V®QµQ©x²~¬ºÃ7Á�°-¬HªVÃ7±H©
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ÁÓ¯¸§Q´4°�ÃlÂQ©ºªQ«­¬3´4Ã¥Á�®qÃ7§Q°4§~©q«­¬ÏS~µQ«­©H°�´4±ºµQ´4«»¯l¼~©HÃ�©HªQ°�³;ªQÃ7¼­°
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�3� ©K�����#">��"�"#���#!n, á ��1�"���,���"#� ��!9ê���1�~�!�8-8�8-!�"�"#* á ��1>!�,�� "��������36&�����

,���"�í�ªaªQ«Ï�4��1#"�8-*-1�"#1 á ��~�����*-1���"����Ï~�!�óK*-~0��~Å�96 #nh�h �K�_����"#����1#��1�ï

"���1�"�1#��" ��������1 ~�*-1�1�ïò���#�n,�ë 1����>ï ¬Dï �����#�n�
­�®$¯$°I°H± #H² � #I# f�# f f �ùï ³_.

­�®$¯$°I°H±$´$µ$¶I·$· #H² � f�h h f # ï h .

Ð1¯¸·Q¼­° ��Q �3° ±¨ÂwÃ¥±HÁÓ¯¸§Q´4°�ÃlÂ�©HªQ°�´Dª~µQ§Q¶�®f¯¸±H¬H° ±-Ã7§
¹Q«sü�°4±H°4§~©�©H°4¬º©-¬H° ©H¬

¬ºÀ{¬º©H°4Ár� ¬-®q°4±¨ÂwÃ¥±HÁ�¯l§Q´4°¥²3«­§*®f¯l±º©H«­´4µQ¼»¯l±�©ºÃÓ©ºªQ°+¬H°4¾¥Á�°4§~½
©D¯l©H«­Ã¥§�Á�Ã~¹QµV¼È°-¯¸§Q¹�©HÃ�©ºªQ°5��� ? ·f¯l¬º°4¹�´Dª{µV§Q¶�®f¯¸±H¬º°4±xÅ
? «­§Q´4°@©ºªQ°ZÃ7±H«­¾¥«È§q¯l¼+©Ô¯l¾¥¾7°4±¿³;¯l¬¿©º±Ô¯¸«È§V°4¹^Ã7§^³;±H«­©¨½

©º°4§@´4Ã¥±H®qÃ7±Ô¯�äïÆ#¯l¼­¼ ? ©H±º°4°4©N¸¥Ã7µQ±º§f¯l¼¨²|�/±HÃl³;§É´4Ã7±º®QµQ¬Ôå ²
³/°@ªf¯¸¹ ©ºÃ ¯¸¹f¯l®V©#«­©@¯l§Q¹Ç±º°4©H±D¯l«­§Õ«È©ZÃ¥§9÷Qø�ù»ú3ûqü�¹
ý�þ������Z¹f¯l©D¯QÅ"Ð;ªV°'©D¯l¾7¬º°4©�³�¯¸¬�¬H¼­«­¾7ª~©H¼­À�Á�Ã~¹Q«íæf°4¹Ñ¯¸§Q¹
¯¸¹f¯l®Q©º°4¹3²l©ºÃ ¯¸´4´4Ã7Á�Á�Ã~¹f¯¸©H°�®QªQ°4§VÃ7Á�° §f¯;Ã¸Âf¬H®qÃ7¶¥°4§'¼»¯¸§~½
¾¥µf¯l¾¥°Óäï°7Å ¾fÅ­²3ªV°4¬H«­©Ô¯¸©H«­Ã7§*³/Ã7±H¹V¬x²2æf¼­¼­°4±H¬Då4²�¯l§Q¹¿©ºÃ�ÂÍ¯¸´4«­¼È«í½
©D¯l©H°�©ºªQ°�©D¯l¬º¶}Ã¸Â�©ºªQ°�¬º°4¾7Á�°4§~©Ô¯l©º«­Ã7§*Á�Ã~¹QµQ¼­°�äï°7Å ¾fÅ­²3·~À
©D¯l¾7¾¥«­§Q¾�´4¼»¯lµQ¬D¯l¼$¯l§V¹}§QÃ¥§~½¨´4¼»¯lµQ¬D¯l¼�´4Ã~Ã7±º¹Q«­§f¯l©ºÃ7±H¬�¹Q«sü�°4±¨½
°4§~©º¼ÈÀQå Å õ Âo©H°4±"©ºªQ°�¯l¹q¯l®Q©º«ÈÄ¥°'©º±Ô¯¸«È§V«È§V¾f²q©HªQ°(��� ? ¯l´ ´4µ~½
±D¯l´4À�«È¬�òQñ¥Å �¥ßZÃ7§�¾¥°4§Q°4±D¯l¼q÷Qø�ù»ú3ûqü�ý�þ������ ��^$¯l§V¹'Ü7ÜVÅ â¥ß
Ã¥§�¯�ÁÓ¯¸§{µq¯l¼­¼­À-©Ô¯¸¾7¾¥°4¹�¬ºµQ·Q¬H° ©cÃ¸Â3©HªQ°�©H±Ô¯¸«­§Q«­§Q¾"¹f¯¸©Ô¯�³/°
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ÛQÃ¥±H©HµV§f¯l©º°4¼­À{²�¬HÃ¥Á�°/ÃlÂf©ºªQ°4¬º°-©Ô¯¸¾7¾¥«È§V¾-°4±º±HÃ7±º¬�¯¸±H°/«­±H±H° ¼î½
°4Ä7¯¸§~©"³;«­©Hª¿±H° ¬H®q°4´4©�©HÃ:©HªQ°b��� ? ·f¯¸¬H°4¹L´Ôª~µQ§V¶¿¾7±Ô¯¸Á�½
Á�¯l±_Q/©ºªQ°�©Ô¯¸¾7¾7° ±H� ¬�®f°4± ÂwÃ7±ºÁÓ¯¸§Q´4°+³;«È©ºª}±º°4¬H®q°4´4©+©HÃ�©ºªQ«­¬
¾¥±Ô¯lÁ�Á�¯l±�«­¬�ò4�VÅ Ü¥ßöÃ7§#¾¥°4§Q°4±D¯l¼�÷Qø�ù»ú3ûqü�ýÿþ������/²c¯¸§Q¹
ò¥áQÅãó7ß ÂwÃ¥±3©HªV°$ÁÓ¯¸§{µq¯l¼­¼­À$©Ô¯¸¾7¾7° ¹"¬HµQ·V¬H°4©2Âw±ºÃ7Á�Ã7µQ±�©º±Ô¯l«­§~½
«­§Q¾+¬H°4©�Å
���a� V@W�YMJMZ[?]\G�^FI
k�
Ð;ªQ°�° Ä7¯l¼­µf¯l©º«­Ã7§*ÃlÂ;©HªQ°�´Ôª~µQ§V¶}®f¯¸±H¬º°4±H� ¬�¯l´4´4µV±Ô¯l´ À¿³�¯¸¬
¹QÃ¥§Q°�Ã¥§Z©HªQ°�ÂwÃ¥¼È¼­Ãl³;«­§Q¾�¹f¯¸©Ô¯:¬H°4©º¬_Q#äï«»åP�¥áÑµQ©º©H°4±D¯l§Q´ °4¬
ä�TÚ±H°uÂw°4±H° §Q´4°4¬Ë¯¸§Q¹ ñKTÚ¬º®f°4° ´Ôªö±H°4´ Ã7¾7§V«ÈÌ °4±@ª~À~®fÃ¥©HªQ°D½
¬º°4¬Ôå+äKº ÙQ»�¼�¼�½ å ô�äï«­« åi©HªQ°+¬Ô¯¸Á�°�¹f¯¸©Ô¯Q²\·QµQ©-³;«­©ºªÑÁÓ¯¸§{µq¯l¼
´4Ã¥±H±º°4´4©H«­Ã¥§Q¬�Ã¸Â<��� ? ©Ô¯l¾¥¬�¯l§Q¹Z¬ºªQÃ7±º©�´4¼»¯lµV¬H°Ñ¬º°4¾7Á�°4§~©
·qÃ7µQ§V¹f¯l±º«È° ¬"äKº ÙQ»k¼�¼j½ ÿ��y�Q¾�¾ å4Å

ÛQÃ¥±�°x¯l´Dª"³/Ã7±º¹'¯l®Q®q°x¯¸±H«­§Q¾;«­§�©HªQ°$´Dª~µQ§Q¶�®f¯¸±H¬º°4±H� ¬3Ã¥µQ©¨½
®QµV©Óäï«È§V´4¼­µQ¹Q«­§Q¾Ñ©ºªQ°�¬H¶~«­®Q®f° ¹ë³/Ã7±º¹Q¬��3�lå4²�«È©+³;¯l¬+¹Q°4©H° ±¨½
Á�«È§V°4¹3²l³;ªQ° ©HªQ°4±�«­©c·q°4¼­Ã7§Q¾¥°4¹�©ºÃ�©HªQ°�´4Ã¥±H±º°4´4©-´Dª~µQ§Q¶�²~Ã¥±
³;ªQ° ©HªQ°4±�«È©2ªf¯l¹+©HÃ�·f°;´ ¼ ¯¸¬H¬º«îæq°4¹'«­§~©HÃ�Ã7§Q°/ÃlÂq©HªQ°4¬º°-©ºªQ±H°4°
°4±º±HÃ¥±;´x¯l©º°4¾7Ã¥±H«­°4¬_Q
¿ × Á�«­¬H¬º«­§Q¾7Ù�Q;°4«­©HªQ° ±'§QÃ¥©"®f¯¸±H¬H° ¹¿Ã7±"³;±ºÃ7§Q¾¸ÂwµQ¼­¼­ÀÑ«­§~½

´ Ã7±H®qÃ7±D¯l©º°4¹�«È§Ñ¯¸§QÃ7©ºªQ°4±;´Dª~µQ§Q¶�ô
¿ × ³;±HÃ¥§Q¾7Ù�Q3·q°4¼­Ã7§Q¾¥¬;©HÃ�©ºªQ°�³;±HÃ7§V¾ÅGKÀ��DE"Ã¸Â�´Dª~µQ§Q¶�ô
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����!�1���,]67���ø"#��*-1ø8-�������ø�4���J6&���#~�!n, á �Ï*-1ø����� "��Y"���� ~������Ã���324,����
"�!�ë�1���"D��� ��1�������* á � á !n��1#��1�!0��*-ë�������!�~�����,K"D�96D!�~0��*-ë���*-"J��6&���
1���~���6&�#��Á_����,_"���������1�ï
�Jð ©K�K*-���4������������1 !����0��������1 "���!�" á ����8-��,���" �4����!n�#1�����*-,K"#�

!�,K� á �_��,��K1�ï
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Æ¿°+¬H°4°�©Hªf¯¸©N¯¸§¿Ã7®Q©º«­ÁÓ¯l¼­¼íÀ�®Q±º°4®Q±HÃ~´4° ¬H¬H° ¹ë«­§Q®VµQ©"«­¬�«È§s½
¹Q°4° ¹@´4±HµV´4«»¯l¼;ÂoÃ7±+©HªQ°}¯¸´4´4µQ±D¯l´4ÀZÃ¸Â ©HªV°Ó®q¯l±H¬º°4±_Q*«­©+«È§s½
´4±º°x¯l¬º°4¬�Âw±HÃ¥Á Ü7ÝVÅ Þ~ßØ©HÃ�ò7ÝVÅãá7ß�Ås��Ú
���>� bgc�
ÇFIehfh
GFHDEC���
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Ð;ªQ°+©Ô¯¸¬H¶ÑÃ¸Âc©HªQ°+Ê-·q°4¬º©"¼­«È¬º©-±º°4¬H´4Ã¥±H°4±+«­¬-®q°4±¨ÂoÃ7±HÁ�°4¹*·{À
¯+§Q°4µV±Ô¯l¼2§Q°4©�²Q©H±D¯l«­§Q°4¹:Ã7§�´Dª{µV§Q¶�´4ÃlÄ¥°4±Ô¯¸¾7°7²V´Dª{µV§Q¶�¼»¯l§s½
¾7µq¯l¾7°;Á�Ã~¹Q°4¼¨²7¯l§V¹�¬H®q°4°4´Dª�±H° ´4Ã7¾¥§Q«­Ì4°4±;¬H´ Ã7±H° ¬x²Q³;«­©ºª�©HªV°
©H±ºµQ°�Æ�� 
^¯¸¬ ©D¯l±º¾7°4©"Ä7¯¸¼­µQ°7Å"Æ¿°+±Ô¯¸§}° ì{®q°4±º«ÈÁ�°4§~©H¬"©ºÃ
©H° ¬H©�Ä7¯l±º«ÈÃ¥µQ¬�´ Ã7Á�·Q«­§f¯¸©H«­Ã7§Q¬+ÃlÂ+©HªQ°:ÂwÃ7¼­¼­Ãl³;«­§Q¾Ñ®f¯¸±Ô¯¸Á�½
°4©º°4±H¬KQ@©¨À~®f°*ÃlÂ�´Dª~µQ§Q¶@¼»¯l§V¾7µf¯¸¾7°ÑÁ�Ã{¹V°4¼�äwâ�½¨¾7±D¯lÁÒÄ~¬xÅ
T�½¨¾7±D¯lÁ�å4ôQ´Dª~µQ§Q¶�¬º´4Ã7±º°�®f¯l±D¯lÁ�° ©H°4±º¬ äï°7Å ¾fÅ­²Q®q°4§f¯¸¼­©¨À�ÂÍ¯l´u½
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°4©º°4±H¬Då4ô;ª~À~®fÃ¥©HªQ° ¬H«­¬�¼­°4§Q¾7©ºª#´4µV©HÃ�ü�¬�ä­ÂwÃ¥±'©ºªQ°�´4µQ©HÃyüZæf¼í½
©H° ±Ôå4ô�§~µQÁ�·f° ±�ÃlÂ+ªQ«­¹Q¹Q°4§�µQ§Q«­©H¬�ô"§~µQÁ�·q°4±�ÃlÂ+©H±Ô¯¸«­§Q«­§Q¾
°4®qÃ~´ÔªV¬xÅ
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O4G�þ7E9OyF�G;¯,®fÃ¥©H°4§~©H«»¯¸¼�¾{¯l«­§�ÃlÂ$©ºªQ±H°4°+³/Ã7±H¹�°4±º±HÃ¥±H¬�ä»³;ªQ° §
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É·q°DÂwÃ7±º°
¯l§Q¹�¯�Âw©º°4±;±H° ±Ô¯l§V¶{«­§Q¾+ÂoÃ7±-¯l§�°4ìQ¯¸Á�®Q¼­°;µQ©º©H°4±D¯l§Q´4°

�#!n,��ÐÏ9,���ï �K�_����"�����1�*-1
f Ï f ���n�������#��,�Ñ "��4����,�ñ#��1�"#* á �Ï1�� á ����1���,
�IÏ # ���n�������#��,�Ñ "��4����,�ñ#��1�"�"#�01���� á ����1���,
# Ï f�Ò�ö ���n�������#��,�Ñ "��4����,�ñ#��1�"#* á �Ïê�� á !n8�1#��,�ë
Ó^ÔQÕHÖi× Ø�Ù^Ú}Û�ÜHÝ�Ü�Þjß à|á�Ù�Ý!Þãâ�Ú�ä�à|à�Ùxä�Ù�å�æ¢ÚGç�ä�ÚGÞ%$Ï$� f�" ���n�������#��,�Ñ "�67������*-ë�,øñ#��1�"�"��
1���� á ����1��n,
³HÏ$��³ ö ���n�������#��,�Ñ "��4����,�ñ#��1�"#* á �Ï1�� á ������"#1���,
² Ï$� ²�# ���n�������#��,�Ñ "��4����,�ñ#��1�"�"#�01���� á !�����1���,�ë
Ò Ï$� ö ³ ���n�������#��,�Ñ "��4����*-,�ë�ñ#��1�"�"#�01#�n!������Y1���,

Ð$¯¸·Q¼­° Þ�QÃ
i°4´4Ã¥¾7§Q«­Ì4°4±�ª~À{®qÃ7©ºªQ°4¬º°4¬;Âw±ºÃ7Á9¯l§
°4ìQ¯¸Á�®Q¼­°-µV©H©H° ±Ô¯l§V´4°Óäïª~À{®qÃ7©ºªQ°4¬º«È¬;§V±xÅ3ñ�ò7á
° ìs¯¸´4©H¼­À�´4Ã7±º±H°4¬º®fÃ¥§Q¹Q¬�©HÃ�©ºªQ°�±H°DÂw° ±H°4§Q´ °xå

õ Á�Ã¥±H°;¹Q°4©D¯l«­¼­°4¹�¯l´ ´4Ã7µQ§~©/ÃlÂ�Ü�ª~À~®qÃ7©HªV°4¬H°4¬/Âo±HÃ7ÁØ©HªQ°
¬D¯lÁ�°�°4ìQ¯¸Á�®Q¼­°�µQ©H©º°4±Ô¯¸§Q´4°�«­¬-¾¥«­Ä7°4§Ñ«­§Ñ©D¯l·Q¼­°4¬�Þ*ä»³;ªQ«­´Dª
¼­«­¬H©º¬3©HªV°c±º°4´4Ã7¾¥§Q«­Ì4°4±$ª~À~®qÃ7©HªV°4¬H°4¬Då$¯l§V¹ T�ä»³;ªQ°4±º°;Ä7¯l±º«ÈÃ¥µQ¬
¬º´4Ã7±º°4¬x²�Æ���
"²c¯¸§Q¹@©ºªQ°}±D¯l§Q¶~¬�·q°DÂwÃ7±º° ¯¸§Q¹Î¯CÂw©H°4±�©HªQ°
±º°4±Ô¯¸§Q¶~«È§V¾Ñ®Q±HÃ~´4° ¹QµQ±H°Ñ¯¸±H°�®V±HÃlÄ~«­¹Q°4¹få ÅÑ¦¨©+´x¯l§L·f°�¬H°4°4§
©ºªf¯l©"³;ªV«È¼­°+©HªQ°�§Q°4³Øæf±º¬H©+·f°4¬º©'ª~À~®qÃ7©HªV°4¬H«­¬"«­¬(BDM�G�©HªQ°
Ã¥§Q°$³;«­©Hª+©HªQ°/¼­Ãl³c° ¬H©�Æ�� 
�²4«­©�L4MKE�F/ªf¯�Ä7°;¯;¼­Ãl³/°4±�Æ�� 

©ºªf¯l§�©HªV°cÃ¥±H«­¾7«­§f¯¸¼È¼­À�æf±H¬º©3±D¯l§Q¶¥°4¹'ª~À~®qÃ7©HªV°4¬H«­¬cä��4TVÅ á¥ßZÄ~¬xÅ
ó��QÅ-T7ß�å Å
è é `HJ~O�I�J{J~`ºé$R
��¬H«­§Q¾Z©HªQ°L§Q°4µQ±D¯l¼+§Q°4©*³;«­©HªÚ©HªV°#´Dªf¯l±D¯l´4©º°4±H«­¬º©H«­´4¬¿¹Q°D½
¬º´4±H«­·q°4¹}«­§�©HªV°'®Q±º°4Ä~«­Ã7µQ¬�¬H°4´4©º«­Ã7§3²q³/°"³c° ±H°�¯l·Q¼­°"©ºÃ�¾7° ©
¯<�DM�F�HJG�HJ�KE'°�üÿ°4´ © «­§�Æ�� 
 ±H°4¹VµQ´4©H«­Ã¥§ÑÃ7§}¯+§VÃ7§~½¨·Q«»¯l¬º°4¹
©º°4¬H©�¬H°4©�ÅÎÆÉªQ«­¼È°�©ºªQ«­¬�°9üÿ° ´4©�«È¬�S~µQ«­©º°Ó¬ºÁÓ¯¸¼È¼¨²�Ã¥§Q°Ñªf¯¸¬
©ºÃ#¶7° °4®Î«­§ZÁ�«­§Q¹Z©ºªf¯l©�©HªQ°Zä»´4Ã¥§Q¬H©º«­©HµQ°4§~© ½Í¼­«­¶7°xå�´Dª~µQ§Q¶
±º°4®Q±H° ¬H°4§~©Ô¯¸©H«­Ã7§V¬ ³/°4±º°"©HªQ°bM4B�þ>À�¬ºÃ7µQ±º´4°'Ã¸Â$«È§sÂwÃ7±ºÁÓ¯l©º«­Ã7§
ÂwÃ¥±$Ã7µV±c±º°4±Ô¯¸§Q¶~«È§V¾"¬HÀ~¬H©º°4Á}²~«­§�¯¸¹Q¹Q«­©H«­Ã7§+©HÃ+©HªV°-«­§~©H°4±º§f¯l¼
¬º´4Ã7±º°4¬"ÃlÂ/©HªQ°+¬H®q°4°4´Dª¿±H° ´4Ã7¾¥§Q«­Ì4°4±xÅ+¦¨©�´x¯¸§}·q°'° ì{®q°4´4©º°4¹
©ºªf¯l©"«­§Q´ ¼ÈµV¹Q«­§Q¾ÑÁ�Ã¥±H°+¬HÃ¥µQ±H´4° ¬�ÃlÂ-¶~§QÃl³;¼­°4¹V¾7°7²�¼­«­¶7°+©HªQ°
®Q¼»¯¸µQ¬H«­·Q«­¼­«­©¨À-ÃlÂ3´ Ã7±H±º°4´4©/Ä7°4±º·~½H¯l±H¾¥µQÁ�° §{©�¬H©H±ºµQ´4©ºµQ±H°4¬"äï©HªQ°
´4Ã¥±H±º°4´4©;ÁÓ¯¸©H´Dª�ÃlÂ�¬HµQ·q´x¯¸©H°4¾¥Ã7±H«­Ìx¯¸©H«­Ã7§,Âw±Ô¯¸Á�°4¬Då4²~¯l§Q¹�©HªQ°
¼­«­¶7°4¼­«­ªQÃ~Ã~¹�ÃlÂ�¬H°4¼­°4´4©º«­Ã7§f¯¸¼Q±H°4¬º©H±º«È´ ©H«­Ã7§Q¬�·f°4©¨³/°4°4§�©HªQ°;Ä¥°4±¨½
·f¯¸¼~ªQ°x¯l¹V¬c¯l§Q¹�©ºªQ°4«­±$ªQ°�¯l¹+§QÃ7µQ§�¯¸±H¾¥µQÁ�°4§~©º¬3³/Ã7µQ¼­¹�ÂwµQ±¨½
©ºªQ°4±;«­Á�®Q±ºÃlÄ7°;©ºªQ°4¬H°+±H° ¬HµQ¼­©H¬�Å



¡�À{®qÃl½�
-¯¸§Q¶ Ð�±ºµQ°�Æ�� 
 	/ª~µQ§Q¶¥½�	/ÃlÄÿÅ ? ¶~«­®Q®f° ¹ 	/ª~µQ§Q¶¥½ ð�O Ê-Ã7±ºÁ}Å ? 

Ê�°4³Pê^��¼­¹ «­§�ß ? ´4Ã¥±H° Æ¿Ã7±º¹Q¬ ? ´4Ã¥±H° ? ´4Ã7±º°

ñiê7Ü =j���>Ä áQÅãÜ¥Ý4T á áQÅãò7Ü¸Þ áQÅãò7â
�Qê7Ý â¥ÝQÅ-T áQÅãó��4T á áQÅãÜ7ó�T áQÅãòlÞ
âQêlÞ áVÅãá áQÅãÝ�T á áQÅãò4T¸Þ áQÅãò7Ý
Þ�ê7â ó��QÅ-T áQÅ-T á áQÅãóQñ�Ü áQÅãò7Ü
TQê7ó ó��QÅ-T áQÅãó��4T áQÅ­ñ_��T áQÅãÝQñKT áQÅãò4T
óQê4T T¥áQÅãá áQÅãÝ�T áQÅ­ñ_��T ñ7Åãá4T¥ó áQÅãò7ó
ÝQêQñ ë =��>� áQÅãó��4T áQÅ­ñ_��T áQÅãÝQñKT ñ7Åãá
ÜQê4� â¥ÝQÅ-T áQÅãó��4T áQÅ­ñ_��T ñ7Åãá7â�� áQÅãò7ò

Ð$¯l·Q¼­°5TDQ ? ´4Ã¥±H°4¬�²fÆÕ� 
"²Q¯¸§Q¹�±Ô¯l§V¶{¬;·q°DÂwÃ¥±H°"¯l§V¹à¯CÂw©H° ±;±H°4±D¯l§Q¶~«­§Q¾�ÃlÂ$Ü+ª~À{®qÃ7©ºªQ°4¬º°4¬;Âw±ºÃ7Á9¯l§�°4ìQ¯lÁ�®V¼È°�µQ©H©º°4±Ô¯¸§Q´4°

Ð;ªQ°-¬º°4´4Ã¥§Q¹ÑÃ7·V¬H°4±ºÄ7¯l©H«­Ã¥§�³/°-ÁÓ¯¸¶7°;³;ªQ° §Ó¼­Ã~Ã7¶~«­§Q¾'¯¸©
©HªV° Á�¯l±º¶7°4¹Q¼­À"®qÃ7¬º«­©H«­Ä7°�±H°4¬ºµQ¼­©H¬-Ã¸Â3©HªQ°xÉ ªD»�Ê º × ¬H°4©;´ Ã7§~½
´4°4±º§Q¬+©HªQ°�®qÃ7©º°4§~©H«»¯l¼/·f° §Q°Dæf©+ÃlÂ;¬H°4¼­°4´ ©H«­§Q¾Ñ¾¥Ã{Ã~¹¡I9O4BDL�H&�
L4O�G#EnF�ÂwÃ¥±c±º°4±Ô¯¸§Q¶~«È§V¾�«È§�©HªQ°Næf±H¬º©-®Q¼»¯l´ °7Å
ì W é�� Æ-G�SQ`ºJ~é$Rx�Ní�IP�ÇG�R©Äc¤QI-êî�
��§Q°-Ã¸Â�Ã¥µQ±$Á�Ã¥©H«­Ä7¯l©º«­Ã7§Q¬\ÂwÃ7±/µQ¬H«­§Q¾�¬HÀ~§~©Ô¯l´ ©H«­´-±º°4®Q±H° ¬H°4§~½
©Ô¯¸©H«­Ã7§V¬;ÂwÃ¥±-©HªV°�©Ô¯l¬º¶�ÃlÂcÊ�·f°4¬º©"¼­«­¬H©-±º°4±Ô¯¸§Q¶~«­§Q¾�³;¯l¬�©HªV°
«­§~©HµQ«­©H«­Ã¥§-©Hªq¯l©�Âo±H°�S~µQ°4§~©º¼ÈÀ~²�·~À U µQ¬H©0C�E9O4L�HJB4��©HªQ±ºÃ7µQ¾¥ª"©HªV°
¼­«­¬H©;ÃlÂ�ª~À{®qÃ7©ºªQ°4¬º°4¬x²qÃ7§V°"´x¯l§�°4¼­«­Á�«­§f¯¸©H°;ªQ«­¾¥ªQ¼­À�«ÈÁ�®Q¼»¯lµ~½
¬H«­·Q¼­°�´x¯¸§Q¹Q«­¹f¯l©º°4¬;Ã7±/Â¨¯�Ä7Ã7±/Á�Ã¥±H°�®Q¼»¯lµQ¬º«È·V¼È°�Ã7§Q° ¬xÅ

Ð�Ã-®QµQ©�©ºªQ«­¬$«­§{©ºµQ«­©H«­Ã7§�©ºÃ ©º°4¬H©�²~³c°/´4Ã¥§Q¹QµQ´4©º°4¹Ó¯�¬ºÁÓ¯l¼­¼
°4ì~®q°4±H«­Á�° §{©�³;ªV°4±H°/ª~µQÁÓ¯¸§;¬HµQ· U ° ´4©H¬�³/°4±H°;¯l¬º¶7°4¹�©HÃ;¼­Ã~Ã7¶
¯l©�®f¯l«­±H¬�ÃlÂ3¬H®q°4°4´Dª�±H° ´4Ã7¾¥§Q«­Ì4°4±/ª{À~®qÃ7©ºªQ°4¬H° ¬;¹Q±Ô¯�³;§+Âw±ºÃ7Á
©HªV°$Ê-·q°4¬H©�¼È«­¬º©H¬3¯l§V¹"©HÃ�¹Q°4´4«­¹Q°/³;ªQ«­´Dª Ã¸Âf©HªV°4¬H°/©HªQ° À ´ Ã7§~½
¬H«­¹Q° ±H°4¹*©HÃ�·f° × Á�Ã7±H°�³/°4¼­¼í½wÂwÃ¥±HÁ�°4¹QÙfÅ/Æ¿°4¼­¼í½oÂwÃ7±ºÁ�°4¹Q§V°4¬H¬
³;¯l¬ U µQ¹V¾7°4¹@«­§Z©H° ±HÁ�¬�Ã¸Â äï« å,¬H©º±HµQ´4©ºµQ±H°Zä»¬ºÀ~§{©D¯lìQå�¯¸§Q¹
ä»«­«»å�Á�°x¯¸§Q«­§Q¾�ä»¬º°4ÁÓ¯¸§~©H«­´4¬Ôå Å-ñK�7Ü�ª{À~®qÃ7©ºªQ°4¬H«­¬�®f¯l«­±H¬;³/°4±º°
°4ì~©H±D¯l´4©º°4¹:Âw±HÃ¥Á ©ºªQ°'©º±Ô¯¸«È§V«È§V¾�¬H°4©+ä»©HªV°'©ºÃ7®Ñ±D¯l§Q¶¥°4¹Ñª~À¥½
®qÃ7©HªV°4¬H«­¬;¯l§Q¹�©HªQ°�ª{À~®qÃ7©ºªQ°4¬H«­¬/³;«­©Hª�¼­Ãl³c° ¬H©/Æ�� 
-å ²{¯¸§Q¹
®Q±º°4¬H°4§~©º°4¹}«­§�±Ô¯l§V¹QÃ7ÁÕÃ7±º¹Q°4±;©HÃ�©ºªQ°"¬ºµQ· U °4´4©º¬xÅ

ÞÑ¬HµV· U °4´4©º¬�®f¯l±º©H«­´4«­®f¯l©º°4¹¿«­§¿©HªQ°�¬H©ºµQ¹QÀ#¯l§V¹¿©Ô¯l·V¼È°�ó
¾7«­Ä¥°4¬Ñ©HªV°ë±º°4¬HµV¼È©º¬}Ã¸Â�«­©H¬*°4Ä7¯l¼­µf¯¸©H«­Ã7§ÏQÉÆ�� 
�¾~¯l«­§Ú«­¬
Á�°�¯l¬HµV±H°4¹�©HªQ°*¬Ô¯¸Á�°Ñ³;¯�À@¯l¬�«È§ÉÃ7µQ±�¬HÀ~¬º©H°4ÁÖ°4Ä7¯¸¼Èµq¯�½
©H«­Ã¥§xïÒªQ°4±º°7²~«­©�´ Ã7±H±º°4¬H®qÃ7§V¹Q¬;©HÃ�©HªV° ¯�Ä7° ±Ô¯l¾¥°;±H°4¹VµQ´4©H«­Ã¥§
«­§ZÆ�� 
"²�³;ªV°4§Z©HªQ°Ñ³/°4¼­¼í½wÂoÃ7±HÁ�°4¹Q§Q° ¬H¬ U µQ¹Q¾¥°4Á�°4§~©º¬�ÃlÂ
©HªV°�ª~µQÁÓ¯¸§}¬ºµQ· U °4´ ©H¬�³/°4±H°�©HÃÑ·q°�µQ¬º°4¹Z©HÃÑ±º°4±Ô¯¸§Q¶¿©HªV°
±H° ¬H®q°4´4©H«­Ä¥°'ª~À~®fÃ¥©HªQ° ¬H«­¬¨½¨®f¯l«­±º¬xÅ

Æ@ªQ«­¼­°#©ºªQ°@ÁÓ¯¸ì~«ÈÁ+µQÁ=Æ�� 
0¾{¯l«­§ØÂwÃ¥±¿©HªQ°4¬º°Ëñ_�¥Ü
ª~À~®fÃ¥©HªQ°4¬º«­¬¨½¨®f¯l«­±H¬+«­¬�ñ_TQÅ-�¥ß�²�©HªQ°�°4ì~®f° ´4©H°4¹ZÆ���
Ë¾~¯l«­§
ä»«¨Å °7Å­²~©HªV° ÆÕ� 
@¾~¯l«­§�Ã¸Âc¯"±D¯l§Q¹QÃ¥ÁÇ®Q±ºÃ{´ °4¬H¬Då-«­¬-ÝVÅ ó¥ß�Å

Æ@ªQ°4±º°x¯l¬�©HªQ°+¹Q«sü�°4±H°4§V´4°�·f° ©¨³c°4° §}·qÃ7©ºªÑÁ�°4©ºªQÃ~¹Q¬-©ºÃ
¯�±Ô¯¸§Q¹QÃ7Áö´DªQÃ7«­´4°�«È¬�ªQ«­¾¥ªQ¼­ÀÑ¬H«­¾7§V«îæq´x¯l§~©�ä»¬ºÀ{§~©D¯lì�Qxð§l
áGñãáVñ^òôó}lBò�ñãá7â7ó�ò�õ�ö÷lBâQô;¬º°4ÁÓ¯¸§~©H«­´4¬_QrðølBáGñãáQñQò�ógl
ñ7ñQñãÝ4T7â�ò�õ�öùl�â¥å9��`Ú²�©HªQ°É¹Q«süÿ°4±º°4§Q´4°�·q°4©¨³c° °4§Ç©HªV°4¬H°
©¨³/Ã#Á�° ©HªQÃ~¹Q¬�«­¬ÞBDM�G}ä�ðúlÒáGñãá4T�ò�óNlüû"ñ^ñ-�¥Ý7âGò�õ�ö�l
ó7å���{lÅ"Ð;ªQ°�¼»¯¸©H©H° ± «­¬�Á�Ã¥¬H©�¼È«­¶¥°4¼­À�¹QµQ°�©ºÃ�©HªQ°�ÂÍ¯l´ © ©ºªf¯l©
©HªV°4±H°L³c°4±º°¿Ã7§Q¼­ÀLÂw°4³öª~À{®qÃ7©ºªQ°4¬º°4¬}©ºªf¯l©�³/°4±H° U µQ¹Q¾7° ¹
L4H ý�E_C�E_BDG þ>ÀL«­§@©H° ±HÁ�¬�ÃlÂ'¬ºÀ~§{©D¯l´4©º«­´}Ã¥±�¬H° ÁÓ¯l§~©º«È´�³/°4¼­¼í½
ÂwÃ¥±HÁ�° ¹Q§Q°4¬º¬ ·~À�Ã7§V°'¬ºµQ· U °4´4©KQ"Ã¥§}¯�Ä7°4±D¯l¾¥°7²�Ã7§V¼ÈÀÑó¥ßÕÃlÂ
�	� ������1��Ã����1���8-"�1�������������"#!n*-,����0��1#*-,�ë0"#���ø��,�� à 1�*-�����0" à "���1�"�ï
�	�n����� à 1�*-������" à "#��1#"�ï

? µV· U °4´4© ? À~§{©D¯lì�®Q±º°DÂÔÅ ? °4Á*Å3®V±H°DÂÔÅ
õ ñxáVÅ á ñxáQÅãâ
� ñxáVÅ á ñxáQÅ-�
	 òQÅ­ñ òQÅãÝ
z ñxáVÅ � ñxáQÅãÜ

Ð�Ã¥©Ô¯¸¼ õ Ä~¾fÅ òQÅãÜ ñxáQÅ-�
Ð$¯l·Q¼­°�óDQM¡-µVÁÓ¯l§(�2°4± ÂwÃ7±ºÁÓ¯¸§Q´4°�ä»Æ���
@¾~¯l«­§�«­§Ñß�å

©ºªQ°�ª~À{®qÃ7©ºªQ°4¬º«È¬ ½Í®q¯l«­±H¬"±º°4´4°4«­Ä¥°4¹#¯�¹Q«süÿ°4±º°4§~© U µQ¹Q¾7° Á�°4§~©
·~À�Ã7§V° ¬ºµQ· U °4´ ©xÅ
þ ÿ I;¤QI-SVM@]_é�SDX
ÛV±HÃ¥ÁËÃ7µV±c±º°4¬HµQ¼­©º¬�¯¸§Q¹�°4ì~®f° ±H«­Á�°4§~©º¬x²~³/°-´4Ã¥§Q´4¼­µQ¹Q°�©Hªf¯¸©
©ºªQ°4±H°�¯l±º°-¬H° Ä7°4±D¯l¼�¹Q«­±H° ´4©H«­Ã7§V¬;ÃlÂ�ÂwµQ©ºµQ±H°�³cÃ¥±H¶+³;ªQ«­´DªÓ¯l±º°
®Q±ºÃ7Á�«È¬º«­§Q¾�©HÃ�®QµQ±º¬HµQ°�Q
¿ H N���C�M4�KEKNPEKBDG�M�w�G&�DE������ G�O_�K��E_C$y ? «­§Q´4°�©HªQ°�®f° ±¨½

ÂoÃ7±HÁ�¯l§Q´ °�ÃlÂ�©HªQ«­¬�´4Ã¥Á�®qÃ7§Q° §{©+³;¯l¬�¬HªVÃl³;§ë©ºÃ¿·f°
Ã¸Â °4¬º¬H°4§~©º« ¯¸¼-«­Á�®qÃ7±º©Ô¯¸§Q´4°�ÂoÃ7±�¼»¯l©º°4±�¬H©D¯l¾7° ¬�ÃlÂ�©HªQ°
¬ºÀ~¬H©H° Á}²Q³/°+°4ì~®f°4´ ©"©HÃ�¬H°4°+·f° §Q°Dæf©º¬�Âw±HÃ¥Á ®VµQ©H©º«È§V¾
°�üÿÃ¥±H©H¬�«­§{©ºÃ"ÂoµQ±H©ºªQ°4±;©H±D¯l«­§Q«­§Q¾qÅ

¿ Oyþ7G�E_CnBDO4G�HJ�KEÅþ&O4B4��@>O_��EANPMKL4EnþqF$y õ §@«­¹Q°�¯*ÂwÃ¥±�«­Á�½
®V±HÃlÄ7° Á�°4§~©�ªQ°4±º°}«­¬�©HÃ#«­§~©H° ¾7±Ô¯¸©H°Ñ¬º¶~«È®V®f°4¹�³/Ã7±H¹V¬
«­§~©HÃ�©ºªQ°Ñð�OÖä»¬º«­Á�«­¼»¯l±�©HÃÑ©ºªQ°�Á�Ã~¹Q°4¼­«­§Q¾�ÃlÂ-§QÃ¥«È¬º°
«­§Ñ¬º®f° °4´Dªfå4Å�¦¨§*©HªV«È¬�³;¯�À�³c°+¾7°4©�±H«­¹ÑÃlÂ;©HªV°'¬º¶{«­®~½
®V«È§V¾Ó®q°4§f¯¸¼­©H«­°4¬"³/°�³c° ±H°�µQ¬º«È§V¾Ñ¬HÃ�ÂÍ¯¸±'¯l§Q¹*³;ªQ«­´Dª
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